This study was conducted to evaluate the physico-chemical properties of three sesame varieties: Adi, Bawnji and T-85. Sesame varieties showed significant (p ≤ 0.05) differences on some physical properties, proximate, mineral, anti-nutritional (phytic acid) and antioxidant compositions. The average values of 1000 seed weight were ranged from (2.74 -3.16 g) and true density from (1190.66 to 1215.58 kg m −3 ). The moisture (wb), crude protein, ash, fat, fiber, total carbohydrate, Ca, Zn and Fe (db) were ranged: 3.17% -3.96%, 22.58% -24.27%, 4.46% -6.19%, 50.88% -52.67%, 5.60% -6.26%, 8.3% -11.69%, 1172.08 -1225.71 mg/100g, 4.23 -4.45 mg/100g and 10.2 -10.75 mg/100g, respectively. Phytic acid contents were ranged from 307.61 to 324.91 mg/100g, total phenolics from (23.16 -25.69 mg GAE/g) and ferric ion reducing power value from (32.33 -34.53 µmol/g) (db). The results were compared with some other sesame varieties grown worldwide. Results showed that Ethiopian sesame varieties were good source in nutrients and were functional foods for human nutrition and utilization.
Statistical Analysis
Triplicate data were subjected to ANOVA [37] using Statistical Analysis System (SAS Institute and Cary NC) Version 9.0. Significant differences between means were determined with Duncan's multiple range tests at p ≤ 0.05. Table 1 shows color, thousands seeds weight and bulk density of the sesame seed varieties. Results showed significant (p ≤ 0.05) differences in thousands seed weight between varieties. However, adi and T-85 varieties were not significantly different (p ≥ 0.05) in their thousands seed weight from each other. The highest (3.16 g/ 1000seeds) thousands seed weight was recorded for adi variety and lowest (2.74 g/1000seeds) was for bawnji variety. These findings are similar with range reported (2.0 to 3.5 g/1000seeds) by [38] and (2.76 -3.96 g/ 1000seeds) by [39] for 12 sesame genotypes cultivated in Turkey. [38] reported that the results may vary depending on variety and cultural conditions. There were significant (p ≤ 0.05) differences in true density values of sesame seed varieties. True density of the sesame seed varieties had ranged from 1190.66 to 1215.62 kg·m −3 . The result of current study is lower than 1224 kg·m −3 for Nigerian sesame seed reported by [40] . Information on the true sesame density is used to design sesame seed separation or cleaning processes. Slight color variability between sesame varieties was found. The sesame color of this study is with the class of reported by [41] . Seed color varied from white, yellow, reddish, brown or black [41] . [42] reported that genotypic effects may be responsible for the variation in seed characteristics. Table 2 shows results of proximate composition of sesame varieties. Moisture content of the sesame varieties are significantly (p ≤ 0.05) different and ranged (3.17% -3.96%). The results obtained are in the range (2.7% -4.7%) reported by [42] for some varieties of Sudan and USA sesame genotypes but significantly lower than the range (5.12% -7.8%) for 13 sesame accessions of south eastern Nigeria [43] . Crude fiber content was observed to be significantly (p ≤ 0.05) higher in the adi and T-85 varieties 6.26 and 6.09% respectively than bawnji variety (5.6%). These values are in the range 3.2% -10.0% reported by [44] but are higher than the range 3.3% -4.66% reported by [42] for Sudan varieties and USA genotypes. Fiber in the diet is important as it helps to maintain human health by reducing blood cholesterol and glucose level in the body [45] .
Results and Discussion

Some Physical Properties of Sesame Seed Varieties
Proximate Composition of Sesame Seed Varieties
Ash content was observed significantly (p ≤ 0.05) different between sesame varieties. T-85 had the highest (6.19 g/100g) ash content and least was for bawnji (4.46 g/100g). [46] reported ash values to be between 1.4 and 6.6 g/100g for Saudi Arabia and foreign varieties (Lebanese, Indian and World collection), which is similar with the results of this study. Chemical composition of seeds can be affected not only by the genotype but also by agro-climatic conditions [47] [48] . High level of ash makes the oilseed a good source of mineral nutrition to the consumer [49] .
Fat content had varied significantly (p ≤ 0.05) between varieties in Table 3 . The highest fat (52.67%) was obtained in bawnji followed by T-85 (51.18%) and adi (50.88%). [51] reported the oil content can range from 43.4% to 58.8% for 42 strains of sesame with the highest oil content found in white-seeded strain. [52] reported oil content in Saudi and Indian sesame seeds ranging from 43.2% to 54.0%. Both the above results are consistent with the result of current study. [53] and [54] reported a significantly higher oil content (54.26% -63.25%) in the Turkish sesame seeds of the TSP 933749 line selected from the TSP 9337 population, as compared to that of [42] genotype USA [42] genotype Egyptian [2] varieties Nigrian [50] [42] genotypes USA [42] genotypes White [46] Saudi varieties World [69] collection Indian [64] varieties Lebanese [62] varieties Japanese [68] the current study result. The differences might be attributed to the different regions of seeds production [48] . Variation in the oil yield of sesame may be due to variation in variety, soil type, climatic, maturity of plant, the harvesting time of the seeds and the extraction method used [55] [56] .
There is a significant (p ≤ 0.05) difference in the protein content between varieties. Adi and bawnji varieties had no significant (p ≥ 0.05) differences in their protein content. The highest protein content (24.27%) was recorded in T-85 while the lowest (22.49%) was for bawnji. This results is consistent with range (18% -25%) reported by [15] but are lower than those reported by [42] for Sudan varieties and USA genotypes (32.5% -40.0%) and by [43] [57] . Carbohydrate contents of adi and bawnji varieties were 11.69% and 11.39% respectively and significantly higher than that of T-85 (8.31%). Carbohydrate content had ranged (8.31% -11.69%) between varieties studied which is in agreement with range (6.4% -21.0%) reported by [16] but are higher than the range 1.05% -2.88% reported by [42] for Sudan varieties and USA genotypes. The highest carbohydrate values (27.90% -45.15%) were reported in 13 sesame accession of Nigeria by [43] . Compositional differences can exist among the different varieties of sesame seeds, and among the sesame variety grown in different countries [58] . Further studies by [59] on some legume crops reported that there might be differences between varieties of the same species.
Mineral Composition of Sesame Seed Varieties
Calcium, zinc and iron contents had varied significantly (p ≤ 0.05) between varieties in Table 3 . T-85 variety had the highest Ca (1225.71 mg/100g) and the lowest was for bawnji (1172.08 mg/100g). The calcium content of this study is lower than 1450 mg/100g reported by [60] and [61] in some Indian sesame varieties. However, some Lebanese sesame varieties exhibited the lowest (228.3 mg/100 g) calcium content [62] . The current study results are in the range 600 -2000 mg/100g for two Egyptian sesame seed varieties reported by [63] . The highest zinc content (4.45 mg/100g) was recorded in T-85 variety while the lowest content (4.23 mg/100g) was found in bawnji. This zinc content found is higher than the range (0 -3.8 mg/100g) reported by [46] for Saudi Arabia and varieties (Lebanese, Indian, Nigerian and World collection). The highest iron content was found for T-85 variety and the lowest content was for bawnji variety. The results obtained in this work are in the range (9.6 -11.7 mg/100g) previously reported by [60] [62] [64] . [65] reported that a wide variation in ash content of sesame varieties exists which is an index of total mineral matter present in the seeds. Iranian [23] sesame varieties Indian [70] sesame cake extracts USA [67] black sesame USA [67] soybean Nigerian [50] Table 4 shows anti-nutritional and antioxidant contents of raw sesame varieties. Results showed significant (p ≤ 0.05) differences in phytic acid contents between varieties. T-85 (324.91 mg/100g) and adi (324.61 mg/100g) had significantly higher than bawnji (307.61 mg/100g). The results obtained are lower than reported by [66] for black sesame seeds (379 -494 mg/100g). Similar phytic acid value (315.9 mg/100g) was obtained in sesame seed by [50] . [67] found higher amount of phytic acid in bigger size whole white sesame (62.67 mg/100 g) than in small size whole black sesame (52.60 mg/100g) which are lowest values when compared with the current study results, who reported that the amount of the phytic acid depends on the size of seed. Also, [46] had reported that the phytic acid contents of the sesame varieties were affected by genotypes. The total phenolic content and antioxidant power value had varied significantly (p ≤ 0.05) between the varieties. The highest TPC (25.69 mg GAE/g) was in T-85 variety and the lowest (23.16 mg GAE/g) was for adi variety. The result found in this work are in the range of (20.1 -70.95 mg GAE/g) reported by [23] for eight Iranian sesame varieties and (73.74 to 128.80 mg tannic acid/100g) for raw, roasted, soaked roasted, micro waved roasted and defatted meal of sesame varieties by [63] . The highest reducing power value (34.53 μmol /g) was recorded in T-85 variety and the lowest was recorded in adi (33.31 μmol/g). The results obtained are in the range of (30.00 -97.00 μmol/g) reported by [23] for eight Iranian sesame varieties but higher than the range value 25.31 -27.21 μmol/g for two Egyptian raw sesame varieties by [63] .
Anti-Nutritional and Antioxidant Contents of Sesame Seed Varieties
Conclusion
The local Ethiopian sesame varieties are a good source rich in protein, crude fiber, minerals, crude fat, phenols and reducing power values when compared with other world grown sesame varieties. T-85 variety shows quite good protein, mineral and anti-oxidant compositions when compared to each other. But more research is required in processing to reduce phytic acid content of the seed to utilize nutrients efficiently. And sesame seeds should be processed in different product and blended with concentrated fruits to utilize as functional food for human nutrition. It is concluded that a better understanding of the physico-chemical nature of sesame seed varieties is important for production, nutrition, marketing, food application and maximum utilization.
